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METHOD OF PREPARATION OF HIGH DENSITY 
SOFT MAGNETIC PRODUCTS. 



Field of the invention 

This invention relates to the general field of powder 
10 metallurgy. Particularly the invention is concerned with 
a method of preparation of high density soft magnetic 
products . 

Background' of the invention 

15 In recent years the use of powdered metals for the manu- 
facture of soft magnetic core components has expanded and 
the research has been directed to the development of iron 
powder compositions that enhance certain physical and 
magnetic properties without detrimentally affecting other 

20 properties. To this end many efforts have been made in 
order to provide electrical coatings which insulate the 
individual iron powder particles and many examples of 
different coatings are disclosed in the art. 

25 Thus according to the US patent 3 245 841 an insulated 
powder is prepared by treating an iron powder with a 
coating solution including phosphoric acid and chromic 
acid. Insulating coatings are also described in e.g. US 
5 798 177 and DE 34 39 397. According to these piiblica- 

30 tions the coatings are obtained by treating iron based 

powders with coating solutions including phosphoric acid. 
• The compacted product prepared from the insulated powders 
is subsequently heat treated. Another type of coating is 
disclosed in US 4 602 957. According to this patent a 

35 magnetic powder core is prepared by treating an iron pow- 
der with an aqueous solution of potassium dichromate, 
drying the powder;, compressing the powder to form a com- 
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pact and heat treating the compact at substantially 
600»C. In other knovm processes soft iron particles are 
coated with thermoplastic materials before pressing The 
US patents 4947065 and 5198137 teach such methods whereby 
iron powders are coated with a thermoplastic material A 
more recent method of coating iron-based powders for soft 
magnetic applications is described in PCT SE97/00283 
Thus by using different types of coatings and coating 
techniques desired properties such as high permeability 
through an extended frequency range, high pressed 
strength, low core losses and suitability for compression 
moulding techniques have been considerably improved 
lately. 

In addition to the development of coated powders for soft 
magnetic applications efforts are also made in order to 
improve the properties of non coated powders as is de- 
scribed in the US patent 6 331 270. 

It has now been found that the magnetic properties, such 
as the initial permeability as a function of the fre- 
quency (frequency stability), may be improved by using a 
high velocity compaction (HVC) technique, which is de- 
scribed more in detail below. Especially unexpected is 
the finding that, for a given density, the initial perme- 
ability at different frequencies are significantly higher " 
with this HVC technique and that these properties have 
been observed for both insulated and not insulated powder 
particles . 



30 



Objects of the invention 

An object of the invention is to provide a method for the 
preparation of high density soft magnetic products, par- 
ticularly products having a density above 7.25, prefera- 
bly above 7.30 and most preferably above 7.35 g/cm^ 
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A second object is to provide a compaction method adapted 
to industrial use for mass production of such high den- 
sity products - 

5 A third object is to provide compacted bodies having high 
density and high green strength. 

A fourth object is to provide a soft magnetic compacts 
bodies having high initial permeability. 

10 

Summary of the invention 

In brief the method of preparing such high density com- ; 
pacts comprises the steps of subjecting an iron or iron^ 
based soft magnetic powder to HVC compaction with an uni- 
15 axial pressure movement with a ram speed of at least 2 
m/s. The particles of powder may, but must not, be elec- 
trically insulated. 

Detailed description of the invention 

20 The base powder, i.e. the non- insulated powder, may be a;, 
substantially pure water atomised iron powder or a sponge 
iron. powder having irregularly shaped particles. In this 
context the terro ''substantially pure" means that the 
powder should be substantially free from inclusions and 

25 that the amounts of the impurities O, C an N should be 
kept at a minimum. The average particle sizes are gene- 
rally below 300/im and above 10 /xm. Examples of such pow- 
ders are ABC 100.30, ASC 100.29, AT 40.29, ASC 200, ASC 
300, NC 100.24, SC 100.26, MH 300, MH 40.28, MH 40.24 ' 

30 available from Hoganas AB, Sweden. 

An insulating coating may be applied in order to improve 
the properties in alternating magnetic fields. Such a 
coating also permits heat treatment which further en- 
35 hances the magnetic properties. The coating and the coa-. , 
ting method is believed not to be critical and the coa- 
ting could e.g. be any of those disclosed above. Espe- 
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cially preferred are thin coatings based on phosphorus 
and silicone, aluminium and titanium. 

In order to obtain the products having the desired high 
density according to the present invention the compacting 
method is important. Normally used compaction equipment 
does not work quite satisfactorily, as the strain on the 
equipment will be too great. It has now been found that 
the high densities required may be obtained by the use of 
the computer controlled percussion machine disclosed in 
the US patent 6202757 which is which is hereby incorpo- 
rated by reference. Particularly, the impact ram of such 
a percussion machine may be used for impacting the upper 
punch of a die including the powder in a cavity having a 
shape corresponding to the desired shape of the final 
compacted component. When supplemented with a system for 
holding a die, e.g. a conventionally used die, and a unit 
for powder filling (which may also be of conventional 
type) this percussion machine permits an industrially 
useful method for production of high- density compacts. An 
-especially important advantage is that, in contrast to 
previously proposed methods, this arrangement driven by 
hydraulics permits mass production (continuous produc- 
tion) of such high density components . 

In- the US patent 6202757 it is stated that the use of the 
percussion machine involves "adiabatic" moulding. As it 
is not fully clarified if the compaction is adiabatic in 
a strictly scientific meaning and we have used the term 
high velocity compaction (HVC) for this type of compac- 
tion wherein the density of the compacted product is con- 
trolled by the impact energy transferred to the powder. 

According to the present invention the ram speed should 
be above 2 m/s. The ram speed is a manner of providing 
energy to the powder through the punch of the die. No 
straight equivalence exists between compaction pressure 
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in a conventional press and the ram speed. The compaction 
which is obtained with this computer controlled HVC de- 
pends, in addition to the impact ram speed, i.a. on the 
amount of powder to be compacted, the weight of the im- 
pact body, the number of impacts or strokes, the impact 
length and the final geometry of the component. Further- 
more, large amounts of powder require more impacts than 
small amounts of powder. Thus the optimal conditions for 
the HVC compaction i.e. the amount of kinetic energy 
which should be transferred to the powder, may be decided 
by experiments performed by the man skilled in the art. 
Contrary to the teaching in the US patent 6 202 757 there 
is, however, no need to use a specific impact sequence . 
involving a light stroke, a high energy stroke and a me- * 
dium-high energy stroke for the compaction of the powder; 
According to the present invention the strokes (if more : 
than one stroke is needed) may be essential identical and 
provide the same energy to the powder. 

Experiments with existing equipment has permitted ram 
speeds up to 30 m/s and, as is illustrated by the exam- ■ 
pies, high green densities are obtained with ram speeds 
about 10 m/s. The method according to the invention is 
however not restricted to these ram speeds but it is be-- 
lieved that ram speeds up to 100 or even up to 200 or 250 
m/s may be used. Ram speeds below about 2 m/s does, how- 
ever, not give the pronounced effect of densif ication. It 
is preferred that the ram speed above 3 m/s. Most pref- 
erably the ram speed is above 5 m/s. 

The compaction may be performed with a lubricated die. it 
is also possible to include a suitable particular lubri- 
cant in the powder to be compacted. Alternatively, a com- 
bination thereof may be used. The lubricant can be se- 
lected among conventionally used lubricants such as metal 
soaps, waxes and thermoplastic materials, such as polyam- 
ides, polyimides, polyolefins, polyesters, polyalkoxides , 
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polyalcohols. Specific examples of lubricants are zinc 
stearate, H-wax® and Kenolube®. The amount of lubricant 
may vary up to 1% by weight of the powder composition. 

5 The invention is further illustrated by the following ex- 
amples : 

Example 1 

This example illustrates the possibility of obtaining 
high initial permeability with a soft magnetic powder 
(Somaloy 500 available from Hoganas, Sweden), the partic- 
les of which are electrically insulated. 
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lOOg powder of the powder were used in a ring tool with 
the dimensions 072/56. Both conventional compaction and 
HVC compaction were used. The following two mixes' were 
tested: 

Somaloy 500+ 0 , 2%Kenolube* 
Somaloy 500+ 0%Kenolube* 
•Lubricant available from HoganSs AB, Sweden 
The compaction machine was Model HYP 35-4 from Hydropul- 
sor Sweden. 

The same type of Die Wall Lubrication was used for both 
25 mixes and for both compacting methods. 

The green density was determined by principle of 
Archimedes (1) . 

P= mair/(mair- m„) (1) 

30 mair = mass in air 
m„ ss mass in water 



The height, inner and outer diameter was measured on each 
sample. After coitpaction the toroids were wound with 25 
turns of insulated copper wire. The inductance of the 
coil was measured at 1000 and 2000 Hz with a HP 4284. A 
LCR- meter. The inductance was measured at low currents 
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(10mA) and the initial permeability was calculated from- 
(2) . 

5 /iin= L*l*10'^/ (N^*A*^o) 

L = measured inductance in /iHenry 
1 = magnetic length in cm 
N = number of turns 
10 A = cross section area in cm^ 
fio= permeability of free space 

The samples have the same geometry and testing was made 
exactly the same way. At a given density an unexpected 
15 difference as regards the initial permeability could be 
observed between HVC and conventional compacted samples . 
as can be seen from Figure 1. The ram speeds for the HVC 
compaction were about 7-8 m/s. 

20 Example 2 

This example illustrates the possibility of obtaining 
high initial permeability and high frequency stability . 
with a powder (ABC 100.30 available from Hoganas, Swe- 
den) , the particles of which are not electrically insu- 
25 lated before the compaction. 

The samples have the same geometry and testing was made ' 
exactly the same way. At a given density an unexpected 
difference could be observed between HVC and conventional 

30 compacted samples as can be seen from Figure 2 and 3 . 0,2 
and 0.5 % by weight, respectively, of a particular lubri- 
cant (Kenolube®) was added to the iron powder before the 
compaction. The stroke lengths used for the HVC compac- 
tion in Figure 2 were 85 and 100 mm corresponding to ram 

35 speeds of 8 and 9 m/s, respectively. The stroke lengths 

used for the HVC compaction in Figure 3 were 70 and 90 mm 
corresponding to ram speeds of 7.5 and 8.5 m/s, respec- 
tively. 
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Example 3 

Rings with the dimensions 05O/3Ox 10mm were HVC compacted 
with double impacts. The ring material was Somaloy 500™ 
with either 0,5% or 0,1% admixed Kenolube™. Compaction 
with the mix containing 0,1% Kenolube took place with the 
support of die wall lubrication. Table 1 gives the 
compaction data and the green and % of the theoretical 
density. 





Table 


1 . Compaction data 






Material 


Impact 1 

Energy/ 

[Nm] 


Impact 2 

Energy/ 

[Nm] 


Total 

Compaction 
Energy [Nm] 


Green 

Density 

[g/cm^] 


% of 
theor . 
density 


Somaloy 500+0,5% 
Kenolube 


1778 


3111 


4889 


7.52 


99.6 


Somaloy 500+0, 1% 
Kenolube 


2661 


4000 


6667 


7.68 


98.9 



5 



After the HVC compaction and heat -treatment at 500°C for 
3 0 min in air the samples were wound with 25 sense and 
150 drive turns and measure in a LDJ 3500 hysteresis 
graph. Table 2 shows that high magnetic induction for 
non-sintered powder components can be achieved with HVC. 
A high resistivity is maintained which easily can be seen 
from the core loss data in table 2. 



Table 2 . Magnetic properties 



Material 


B ® lOkA/m 


Mmax 


Core loss/cycle ® IT [J/kg] 
50Hz 200Hz 


Somaloy 500+0,5% 
Kenolube 


1,55 


530 


0.112 


0.130 


Somaloy 

500+0,1% 

Kenolube 


1,67 


660 


0.106 


0.127 
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CLAIMS 

1. Method of preparing high density compacts for 
soft magnetic applications in alternating magnetic fields 
comprising the steps of 

subjecting an iron or iron-based soft magnetic powder to 
to HVC compaction with a uniaxial pressure movement with 
a ram speed of at least 2 m/s. 

2 . Method according to claim 1 characterised in 
that the compaction is performed at a ram speed above 3, 
preferably above 5 m/s. 

3 . Method according to any one of the claims 

1-2 characterised in that the compaction is controlled by 
the impact energy transferred to the powder. 

4 . Method according to any one of the preceding 
claims characterised in that the compaction is performed 
as warm compaction. 

5 . Method according to any one of the preceding 
claims for the preparation of compacts having a density 
above about 96 % of the theoretical density. 

6 . Method according to any one of the preceding 
claims for the preparation of compacts having a density 
above about 98 % of the theoretical density. 

7. Method according to any one of the preceding 
claims characterised in that the particles of the powder 
are electrically insulated. 

8 • Method according to any one of the claims 1 
to 8 characterised in that the compaction is performed in 
a lubricated mould with or without internal lubricant. 

9 . Method according to any one of the claims 
1-9 characterised in that the compaction is performed 
with a powder including at most 1, preferably at most 
0.5% by weight of a lubricant. 
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Initial permeability 
Somaloy 500+0,2%Keholube, As compacted 








® 1000Hz 
■ 2000Hz 








HVC: 7.46g/cm3 Conventional: 7.47g/cm3 HVC: 7.57g/cm3 Convenfional: 7.56g/cm3 

Initial permeability 
Somaloy 500+0%Kenolube, As compacted 




HVC: 7.49g/cm3 Conventional: 7.47g/cm3 HVC: 7.56g/cm3 Conventional: 7.55g/cm3 
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